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Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Sir: 

I, Steven F. Fabijanski declare as follows: 

1) 1 am familiar with the subject matter of the above-captioned application, which 
was filed on November 28, 2000, as well as the parent applications, including the earliest 
application U.S. Application Serial No. 08/629,822. 

2) I have reviewed the Office Action, mailed March 30, 2006, in connection with the 
above-captioned application. 

3) I received a Bachelor's degree in Biology from the University of Miami (Florida) 
in 1977. I received a Ph.D. degree in Cellular and Molecular Biology from the University of 
Southern California in 1981 . I have held post-doctoral positions at the University of Ottawa 
in Ottawa, Ontario, Canada and the University of Southern California in Los Angeles, 
Califonia from 1982 to 1985. From 1986 to 1991, 1 held the position of Research Director at 
Paladin Hybrids, Inc. 

4) I have over 20 years of experience in the area of plant molecular biology, plant 
gene expression, plant tissue and cell culture and development of techniques to produce 
genetically modified plants and plant artificial chromosomes. I have authored or co-authored 
over 20 publications and I am an inventor of over 16 US and foreign patents. 

5) I am currently Director of Research and Development at Agrisoma Biosciences 
Inc., located in 8081 Lougheed Highway, Burnaby, B.C., Canada V5A 1 W9. Chromos 
Molecular Systems, Inc., located at 8081 Lougheed Highway, Bumaby, B.C., Canada V5A 
1 W9, is an owner of Agrisoma Biosciences, Inc., to whom the subject matter of this 
application has been licensed. 
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6) I have held the position of Director since 2001. I am also President of the FAAR 
Biotechnology Group, Inc., located at Suite 323, 5929L Jeanne D'arc Boulevard, Orleans, 
Ontario, Canada K1C 7K2. I have held this position since 1992. 

7) The above-captioned application describes the generation of satallite artificial 
chromosomes (designated SATACs in the application, and presently referred to as ACes), 
including plant SATACs. As described in the above-captioned application, SATACs, 
including plant SATACs, are generated following introduction of nucleic acid into the 
heterochromatic pericentric region of the chromosome, whether by targeted introduction or 
random introduction, which initiates amplification events leading to the generation of the de 
novo centromere, and ultimately of a SAT AC. For example, as described in the above- 
captioned application at page 6, line 15 to page 7, line 23, SATACs are generated by 
introduction of heterologous nucleic acid encoding one or more selectable markers into cells, 
growing cells, and identifying from the resulting clones those that include chromosomes with 
more than one centromere and/or fragments thereof. If desired, the heterologous nucleic acid 
includes sequences that target it to an amplifiable region, such as the pericentric region, of 
heterochromatin. Those of skill in the art, in working with conventional cytological 
techniques, have long described that herterochromatin can include the nucleolar organizer 
region comprising rDNA and have further described that rDNA found in the nucleolar 
organizing region can be identified within pericentric heterochromatin by the use of FISH, for 
example (see e.g., Hizume, M., et <s/.(1992) Jpn. J. Genet. 67: 389-396). Many different 
plant species are known to have rDNA sequences found within pericentric heterochromatin 
on acrocentric chromosomes (see e.g., Sato, S., et al. (1980) Cytologia 45: 87-96; 
Maluszynska J and Heslop-Harrison JS (1991) Plant J. 1 : 159-166). In this Declaration, 
FISH images showing the pericentric localization of rDNA, in particular rDNA localized to 
the short arms of acrocentric chromosomes found in Nicotiana and Brassica plant species, is 
included. 

8) In my capacity as researcher and Director of Research, I have personally 
supervised experiments related to the production of plant SATACs from two distinct plant 
species: Nicotiana and Brassica. Nicotiana is a species of plant from the core eudicots 
group, namely the Solanales within the euasterids I group of the asterids clase, which 
encompass nearly one-third of all angiosperm species. Brassica is a species of plant (a 
cruciferous plant) from the eurosids II group of the rosid clade, which encompass close to 
one-third of all angiosperm species. Numerous SATACs, and also precursors and 
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intermediates, such as dicentric chromosomes and sausage chromosomes, in the formation of 
SATACs have been generated in these plant species. Thus, plant SATACs have been 
successfully generated in distantly related plant species. 

9) Using methods and materials described in the above-referenced application, and 
standard methods as described herein, myself and other scientists involved in these projects 
have generated multiple plant SATACs by introduction of DNA into plant cells as taught in 
the application. Analysis of the transfected plant cells, identified the presence of plant 
SATACs, and precursors and intermediates in the formation of plant SATACs including 
"sausage" chromosomes and dicentric chromosomes. 

Hence, as described in the application, SATACs can be generated by producing cells 
that contain dicentric or multicentric chromosomes; and then culturing cells. When cultured, 
dicentric and multicentric chromosomes break to form a minichromosome and a formerly 
dicentric (or multicentric) chromosome, which after amplification events results in a SAT AC. 
These methods described in the application have been employed to generate SATACs in 
plants as described in the application. As described in the application and based on the 
teachings of the specification, no knowledge of centromere DNA sequences is required to 
generate a SAT AC in any species, including a plant SAT AC. 

Also, the results of this work demonstrate that a plant satellite artificial chromosome 
generated following the teachings in the above-captioned application possess the structural, 
physical and functional characteristics of a plant satellite artificial chromosome (i.e. a plant 
SAT AC) described in the above-captioned application. 

A description of the above-referenced methods and and the resulting production of 
several different SATACs in two different plant species is described in the following 
sections. 

I. MATERIALS AND METHODS 

A. Generation of Plant SATACs in Nicotiana 
1. Construction of Heterologous DNA 
a. Selectable Marker DNA 

The nucleic acid sequence encoding a selectable marker was constructed by routine 
recombinant techniques by joining the Arabidopsis polyubiqutin 10 (UBQ10) 5' and 3' 
flanking regions (Norris et al (1993) Plant Mol Biol., 21 : 895 -906) to the phosphinothricin N- 
acetyltransferase (PAT) gene (Wohlleben W et al. (1988) Gene, 70:25-37), carried in a 
pBluescript backbone (Stratagene, La Jolla, CA). This resulted in a selectable marker 
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construct conferring constitutive resistance to the herbicidal compound L-phosphinothricin 
(L-PPT) referred to as pDAB 2416. The nucleotide sequence of this vector is shown in 
Exhibit A. 

b. Targeting DNA to the pericentric region 

A targeting DNA molecule was constructed to target the integration of the selectable 
marker to the pericentric region, in particular the pericentric rDNA, of an acrocentric 
chromosome. The coding region of the 26S rDNA was chosen as a targeting sequence 
because it is highly conserved among species and it encodes a structural RNA molecule 
highly conserved among eukaryotic organisms. There are multiple sources of rDNA coding 
sequences available, dating back as early as 1985 (see e.g., Takaiwa et al. (1985) Gene, 
37:255-9.) 

The coding region of a plant 26S rDNA (approximately 1.7 Kb) was chosen and 
isolated from the Arabidopsis rDNA repeat using published sequence and restriction 
mapping information (Genbank Accession no. X52320, which was deposited in the early 
1990s; see also Pruit and Meyerowitz (1991) J Mol Biol., 187:169-83; Genbank Accession 
no. X15550; Gruender et al. (1991) J Mol Biol. 221:1209-1222). The targeting DNA was 
cloned into vector pBluescript (Stratagene, La Jolla, CA). 

2. Introduction of DNAs into plant cells, selection and identification of 
amplified DNA 

DNA encoding the selectable marker and targeting DNA were introduced into 
Nicotiana protoplasts using standard methods. Using standard methods, the DNA fragment 
encoding the selectable marker, comprised in the pDAB 2416 construct as shown in Exhibit 
A, was gel purified and introduced along with targeting DNA comprising the coding 
sequence of the 26S rDNA. In these experiments, both the selectable marker and targeting 
DNA were introduced into plant cells free of vector backbone, and were introduced into plant 
cells using PEG mediated transfection. 

To illustrate the general method, tobacco cells were used. Briefly, tobacco 
protoplasts were isolated from established sterile tobacco plant cultures by immersion of 
sterile tissue in enzyme solution containing 1.2% Cellulase 'Onozuka' R-10 and 0.4% 
Macerozyme R-10. The protoplasts were purified by pouring through a 100 um nylon mesh 
sieve, overlayed with washing solution and centrifuged at 80xg for 10 min. Protoplasts were 
then resuspended at a density of lxl 0 6 protoplasts/ml and stored at 4°C for 1 to 2 hours prior 
to DNA uptake. Plasmid DNAs from the vector and targeting DNA were sterilized with 
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chloroform and 70% ethanol before use for transfection. A protoplast suspension was mixed 
with vector and targeting DNA at a ratio of 1 : 10 followed immediately by slowly adding 
PEG solution. Typically 30 tig of DNA mixture (vector and targetting DNA at a 1 :10 ratio) 
were used per 1 X 10 6 protoplasts. The mixture was incubated at 22°C for 10-15 minutes 
with gentle shaking. The protoplasts were resuspended and cultured at 22°C in the dark. 
When microcalli developed, the protoplasts were embedded in 0.6% agarose. 

Selection on protoplast cultures was carried out by adding L-PPT to the medium at a 
final concentration of 10 mg/1, 14 to 21 days after transfection. Following selection, plant 
cells were analyzed at the molecular level by southern blot for the presence of the selectable 
marker. Plant cells also were analyzed at the cytological level for co-localization of the 
selectable marker to pericentric DNA, amplification of pericentric DNA and for the presence 
of S ATACs. For example, two-color fluorescent in situ hybridization (FISH) was performed 
using two probes. The first probe recognized the selectable marker sequence and was 
visualized with a fluorescein isothiocyanate (FITC) tag (yellow-green fluorescence). The 
second probe was tagged with rhodamine (red fluorescence) and recognized pericentric DNA 
(18S or 26S rDNA) sequences endogenous to Nicotiana cells. 

To obtain spreads of metaphase chromosomes, cells were subjected to either a single 
blocking protocol (colchicine treatment) or double blocking protocol (for example, treating 
plant cells with 5 mg/1 aphidocolin for 24 hours and then 1.54 mg/ml Propyzamide for 4 
hours.) Blocked cells were recovered and chromosome spreads prepared and subjected to 
two-color FISH. Red and yellow-green fluorescence was monitored to identify 
amplification. The chromosome spreads were analyzed for the presence of structural features 
of chromosomes. 

B. Generation of Plant SATACs in Brassica napus 

The methods for generating plant SATACs are not unique to any singular selectable 
marker or plant species. Using methods as set forth in the above-referenced application, and 
as set forth above for the generation of SATACs in Nicotiana, heterologous DNA also was 
introduced into Brassica napus to produce plant SATACs, following selection and 
amplification of pericentric DNA. 

The heterologous DNA included a construct containing a CaMv 35 S promoter fused 
to a phosphinothricin acetyl transferase gene {bar) as a selectable marker (White et al. (1989) 
Nucleic Acids Res., 18:1062), with an att B recombination site between the 35S promoter and 
bar selection gene, and was contained in a pBluescript backbone (Stratagene, La Jolla, CA), 
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referred to as pABI 012. The nucleotide sequence of this selectable marker is shown in 
Exhibit B. The DNA encoding the bar selectable marker was introduced along with 26S 
targeting DNA, as described above for generation of plant SATACs in Nicotiana. Typically 
1-10 X 10 6 mesophyl protoplasts were isolated and used for DNA uptake. Brassica napus 
protoplasts were isolated from mesophyll material derived from in vitro cultured shoots 
essentially as described by Vamling K. and Glimelius K. (see e.g., Legumes and Oilseed 
Crops I in Biotechnology in Agriculture and Forestry 10, Springer Verlag (1990)). As done 
with Nicotiana species, plasmid DNAs from the vector and targeting DNA were sterilized 
with chloroform and 70% ethanol before use for transfection. A protoplast suspension was 
mixed with vector and targeting DNA at a ratio of 1 : 10 followed immediately by slowly 
adding PEG solution. Typically, 30 /xg of DNA mixture (vector and targeting DNA at a 1 : 1 0 
ratio) were used per 1 X 10 6 protoplasts. 

Selection was on L-PPT and the plants were regenerated used standard protocols 
known in the art, e.g. those described in: Vamling K. and Glimelius K. (see e.g., Legumes 
and Oilseed Crops I in Biotechnology in Agriculture and Forestry 10, Springer Verlag 
(1990); Glimelius K. et al. (1986) Plant Sci. 45, 133 - 144; Barsby et al (1986) Plant Cell 
Reports 5, 101). Typically, up to 50% of L-PPT resistant calli regenerated to shoots and 
whole plants. The resultant spreads of chromosomes were analyzed by two-color FISH for 
the presence of chromosome structures as described above for Nicotiana, and in the above- 
referenced application. 
II. Results 

A. Nicotiana 

The results show that by using the methods as described in the specification in plant 
cells, chromosomes were generated having the characteristic structural features (e.g., arms 
and a centromeric region) of chromosomes based on the description of satellite artificial 
chromosome generation in the above-captioned application and parent application U.S. 
Application Serial No. 08/629,822. These results provide evidence that homologous 
recombination between the exogenous DNAs and rDNA of the Nicotiana chromosomes had 
occurred, and that large scale amplification of pericentric DNA resulted. For example, a 
comparison of the yellow-green signal (to detect the selectable marker) and red staining (to 
detect 18S rDNA) of the same chromosome spread revealed overlap of the signals. Areas 
where significant levels of both yellow-green and red signals were observed demonstrate 
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large-scale amplification of the pericentric DNA. This includes production of "sausage" 
chromosomes and amplification of heterochromatin satellite DNA, such as pericentric rDNA. 

Over 20 independent SATACs or precursors and intermediates in the formation of 
SATACs (i.e. dicentric chromosomes or sausage chromosomes) have been generated in 
Nicotiana. Some exemplary chromosome structures are described below. 
1. Dicentric chromosome 

Figure 1 depicts a cell line whereby insertion of vector DNA into the pericentric 
heterochromatic DNA (rDNA) resulted in formation of a dicentric chromosome. As there are 
no centromere specific probes available for Nicotiana, a cytological observation by FISH 
analysis of centromere constriction was used to identify dicentric chromosomes. The 
chromosome in Figure 1 was stained with DAPI (blue) and co-stained for the presence of the 
selectable marker (FITC: yellow- green) and pericentric heterochromatic DNA 
(Rhodamine:red). The results show that the chromosome containing the amplified pericentric 
DNA contains two regions that show typical condensation and constriction indicative of a 
centromere region. 

Figure 1 : Dicentric Chromosome 



Centromere 
Constrictions 
(2 visible centromere 
constrictions, arrows) 



/ 



Amplified 
Pericentric DNA 
Probed for Selectable 
Marker Sequences 
(Yellow-Green Signal) 

Pericentric DNA 
probed for rDNA 
(Red Signal) 



2. Sausage Chromosome 

Figure 2 depicts cytological analysis demonstrating the presence of a "sausage" 
chromosome generated in Nicotiana according to the method described herein, and in the 
above-referenced application. The chromosome in Figure 2 was stained with DAPI (blue) 
and co-stained for the presence of the selectable marker (FITC: yellow-green) and pericentric 
heterochromatic DNA (Rhodamine:red). The elongated chromosome arm depicted in Figure 
2 demonstrates a periodicity of signal consistent with the "sausage" chromosome. 



-7- 



Applicant : 
Serial No, : 
Declaration 



Gyula Hadlaczky et al. 
09/724,726 



Attorney's Docket No.: 17084-004006/402E 



Figure 2: Sausage Chromosome 
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Figure 3 depicts the results of cytological analysis evidencing the presence of a 
typical SATAC generated in Nicotiana according to the method described herein. FISH 
analysis demonstrates the presence of a chromosome containing multiple copies of the 
selectable marker (FITC: yellow-green) and a substantial amount of amplified pericentric 
heterochromatic DNA (Rhodamine: red) on a distinct chromosome structure. This evidences 
the generation of a SATAC. 



Figure 3: Typical SATAC 
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B. 



Brassica napus 



Plant SATACs also were generated in Brassica napus. Figure 4 shows the results of 
FISH analysis of a root tip spread from a Brassica plant following introduction of 
heterologous DNA under selective conditions. The results in Figure 4 show that amplified 
selectable marker sequences are within amplified pericentric DNA evidencing homologous 
recombination between the exogenous DNAs and rDNA of the Brassica chromosomes. 
Southern blot analysis indicated that the selectable marker is represented at greater than 20 
copies within this structure. Multiple structures of chromosomes having identifying 
characteristics as described in the above-referenced application for the generation of 
SATACs, were observed in Brassica, following selection and regeneration to whole plants. 
More than 10 SATACs and precursors and intermediates in the formation of SATACs have 
been generated and identified in Brassica. Some exemplary chromosome structures are 
depicted in Figure 4. As above, the chromosome spreads were stained with DAPI (blue) and 
co-stained for the presence of the selectable marker (FITC: yellow-green) and pericentric 
heterochromatic DNA (Rhodamine: red). 



Figure 4: Representative Brassica SATACs 
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III. Conclusion 

The results of the experiments provided herein demonstrate that by following the 
teachings of the specification and employing standard methods as described herein, plant 
satellite artificial chromosomes can be generated and selected within plants. The teachings of 
the specification provide a means to target a selectable marker to pericentric heterochromatin 
and to recover chromosomes that have amplified pericentric DNA, including dicentric or 
multicentric SATACs. The nature of the DNA sequences that can be employed are not 
limited to any particular DNA molecule. Further, the results herein depict that the method is 
broadly applicable to all plant species, including the distinct species of plants of Nicotiana 
and Brassica. Accordingly, the experiments described herein demonstrate the generation of 
satellite artificial chromosomes in plants using methods as taught in the application, resulting 
in chromosomes having the same identifying characteristics and structural features as taught 
in the application. 
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I further declare that all statement made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further, that 
these statements were made with knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under section 1 001 of Utile 1 8 of the United 
States Code, and that audi willful false statements may jeapardize the validity of the 
application or any patent resulting therefrom* 
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